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FAILURE DETECTION APPARATUS FOR 
AN INTERNAL COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

Description of the Related Art 

tc^x\ cn6'ty-^m\zmmm$>^tm'ffx^m<Dmmzmf)^^iB^nm 
15 $>^ct^^^. 'iz>'^m(D^m^mmzmii^'r^z.t^m^'$tix\^^^. ^cx\ 
mi&xiit. mmMcmmmiy7.^A (obd^) ^mmvrz^mf}m^'^nmmi\: 
$nT*5t5, zn\z^K)WiS7.^m(D'^ibu:5\^±f}m^nxi^^o 

■b>-^m(DfpXh. X77a— fe>+f- (AFS) ;0^&(Dlf$g(i^Ma^m^E 

20 ^miziz^f^mm^R\^'r^t\zrj:^rztb. ^Mx7:7P-'fe>-9-<7)i^it#»rfi 
mzmw<sih(DtU'ox\^^^o 
^zx\ Mpi^t. x>z^>m^mmf)mMm^y.rxK'Dxryn-'t>^xm 

^r^mmf}mm^nx\^^^ mxiit. wm^i o - o i s s 9 7^^^#m) , 

25 z(DXofjiX7ya-±>^(DmmBmiz)i^^xu. mmtx>i^>m^mm. 

Lx^mm^^no^o\zLxi^^^o 
t ^i)^. mi^y.mmm(Dtzmzmj^'pw%mzmmMmum^^m.nx 
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m^mm^mmr^ ^ o r^m-^'^. :in\zmxx^m^ e g r ^mxt^ ^ o 
5 ^^ut^\z}tx7yn-±>i)-0^mn^^nt>riii^^ctM^pi^n^o m 
mMf)^±^ < mm-^n^ :it\zM^^L^^% 0xmji^\ 

10 

SUMMARY OF THE INVENTION 

^mmuz.(D^^ti.mmM.^M^'r^rcib\zfs,-^nrch(Dx% ^(D^&ot-r^ 

nmmm0^m^mmm^mm-r^ct\z$>^o 
15 cou&i^m^'r^rcmz. ^i^mmo^mmmmmxiit. \Hmmm(Dmn.mz 
mn^n. p^mmm0mm^\f^izmA^n^mn.mxm^mii^t^m^mm^ii^, 
^mt. p^mmm<Dm^m^\zmuxm^mAm<Dmmm^mmrmmmmm 

mmmm.^^mz^'owLM-^nrcmmm.t(Diti^m^\zm':5^mBmmMmmw, 

ti.< thi^^rnt^-ijizmn^n. mm.mm^mm-r^wM.mmmm^mt. m 
n.^^(D^m]t^rzit^m.mmm-f)^[HmMm(Dm^^m\zf^^crzm^mtt^^ 
mmi&^mizjtsCxmnm^mmmm^mcDB^mmm^m^-r^Bmmmmn 
^^^t. m^mmmmm^^mzj^y)m^-^nrc^mmmm\zft^cxmBm% 

\Hmmm(Dmi^vtmtth\zm$^BmmmmmM^mz^r)^^-^nmm 
m%mmmm^m(D^nm^m\z^sCxmmm^m^'t^o 
m-^. mm.mmmim^^mz^Kinmmm(Dim^m u>z^>m^mm. 
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mmommm^^rnvTcimzr^. Wi^:^mmm(Drzib(DW^mm(Dmm\z^ 
t> ibrmn^mm^m^moy^mnm^mmz vxmmizmmx^. mnMm^m 

10 \^±^m^ztmx^^o 

^fc. '^m^mmm'^m\z^^^x. mmmmMmm^m^t. ^^^.^zmni^ 
nxmm.m.Am^mmr^^nMt Ki ^Rmm^\zmnibnxmmmm^w.mm 
m-r^mn.m^0'pti< thi^^rm^—o^^^. mmmmmmmmm^^^ 

15 mmt 0 ^Rxsmmm^ d #(7) g m^mm\z!t^\^xmmm^m^t^<Df)i^\,\ 
m-^. m^mmmmm^^mn. p^mm<Dm^^Witth\zBnmmmn^ 
^^\z^KimM-^n^mmMD^Rmmm*)^(DBm^mm\zmcxmmm^ 

20 ^\z^^mumm(Dmmm^mmvrcm\zx^. ^i,ty)mfJAm\:um<Drcib(D 
wumm(Dmm\z^t> i^rmn.mm^m^m(Dmmm^miE\z vxmmizmm 
x^. igin.mmmii^^m(Dmm\^^}p\±-^'^^^t^^xt^o 
^Tz. mm^mmi^mm\z^^^x. mm.mm^^i^r^:it\z^K>w^^<D^ 

25 ^^mt. mmumm^^i^^mz^y)^m-^nrcwm.(D^m]t^rc.\t^mm 
mm t mmm§. t ^mizm-^^mtm^m^mmm^^o) @ mmmm^miE l , 
mmiEvrzmm^m\zjiB\^xmtmmm^n^'r^m^^\^\ 

[Hmmm(Dm^^m\zf^^crcm^mtu^,koMU^m uyz^yM^mm. m 
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5 w-dt. mn.mAm(Dmmm^mn.^mmm^^0m^<Dmmm\zmLrzmiE 
fm\zx^. m^mm(Dmmm\z^nmmmmmm^^<D^mmm(Dmm^M 

sfc, '^m.mmmihmm\z^\^^x. mm.mm^^iiir^z.t.\z^i)w^^(D^ 

10 m\t. mtmnmm^ti^^mz^r)i^iii'^nram^(D^mit^rc\t^^mmm 

f)^$>^rzib. Mmm^m\i!i^m\zxK>mii^-^nr:imm.^(D^m]t^rc\t'^mmm 
15 mt±Bm^mt^^-'Mct^x^\zm^mmmm^^<Dmmm^miEmm't^o 
vt-DX. i^M.mxm(Dmmm^m^mmmm^m(Dmm(Dmmm\zmLrcmiE 
rm\zx^. mm.mm(Dmmm\z^n^mm,^m^iii^m<D^mwm(Dmm^m 
§\^mmmiii^m(Dmm^^'^^\z\^±'^^^zti)^x^^o 
^^iz. ^m^m^mmm\zio\,^x. mm,mm^i^m'r^ct\z^y)mm.m(D 

m^^^\ts mmummm^ii^^miz^D^i^-^rirzmm^(D^m^^rc\t^% 
mmmtmmm^mtf)mmr^t^\z\t. mtm%^mmm^m\z^^mmw 
M.mmmm^wc<Dmn^w±u [Hmmm<Dmi^m^\z(D^mcxmmm^m^ 

25 m-^. w%iMmmm^$^(DBmmmm\t. mmommmtrnt^-DX^^^^-^m^ 
^^^^Tzisb. mm.mmmti^^mzxy)i^ii!,-^nrcm^^<D^mit^rz\t^^mm 
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mm<D^mz^K)EGR:^7.m^mm-r^EGR^t. #mi^o^msfc«^ 
5 m^mmtmmm^mtt^^^ommmmvtmzjt^i^xmmEGR^cDBmEG 
R^mm^mmr^^mmmmm^mt. mmmmmmM^mz^r)mm-^nrc 
umEGR^mmiz!iBi:^rntmEGR^^mmr^EGR^mm^^t^^^. 
mBmn.mmmmm^^m\t. p^mmm(Dm^^Witth\zmB^mmmmm^ 

10 ^^iz^Kim^-^n^BmEGR^mm\zjtsCxmmm'&m^-r^m^^^\ 
fiP-^> ^mmmmmmM^m\z^K)mmmm(Dm^^m (x>v>ieifejg^, 

mommmfjmm^n. mmm^-^nrzmmmti^n.mmmm^miz^oi^iii-^ 
nr:L^M.mxmt0itm^mzm':^\^^xmn.mmmiii^^ (xt^d— fe>i^-) 
15 (Dm^p^moy^mfjmiHi-^Mz.tizu^^^ mmmmmmm^^m\t. « 
mm<Dimm^tth\zBmmmmm^^m\z^^m^-^n?>mmMmmm^^ 
(D^mmmmRnBmmmm^^miz^Dm^-^n^BmEGR^mmizmcx 

^^-dx. m%mAm(DMmm^Bmmmm. m-^mnMmmm^^\z^^mm. 
20 mmcDmmmikzsBmEGR^mm. nw-^EGRi^xm^^mLtcm^zx^. w 

'^xm\:im(Drzi^(Dmn.m.m(Dmm'^EGR:fy'x(Dmxizt^t>i^-tmm.mmm 
ti!i^^(D^mmm^miE\zLxmm\zmmx^. i^^mmmih^^<Dmm^^\^ 

nxmm.mxm^mm'r^mmiKi^Rmmmzmn^nxmmmm^w.mm 
m-r^mm.mi^(D{i^ni< t^i^^rm^—D^^^. mmm^mmmim^^^ 
nmmmomm^mtth^zmmBmmmmm^^mz^rimM^n^mu 
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mz^^m%mm(DmmmRU^mE g R^mm. m-^ e GR:»7.m^^mLrz 

imzxt. 'p\tr\m^7smti^m<Drzib(Dm^mm(Dmm'PEGR^'7.(DmA\z 
mt>^rm^mmmti^^^<D^mmm^miE\zLxmm\z^mx^. mm^mmm 

10 mmmm^mmm\z^\^^x. mn.mm^^m't^^t\z^Kinm?^<D^ 

mm t mmm^m t (Dm\zm^^mB i ^mmmm:^mm a^EGR#p^S(D/> 

ts:< th\^^rnf}^-':fj^miEL. mmiELrz^mmmmAxsBmEGRM^m\z 

ip-^. mn.mmmm^m(DBmmmm'PEGR^<DBmEGR^mm\t. mm. 
?fi<D^mit^rz\t^mmmmf)mmmm<Dmmv^m\zjt^\:rzm^mtfs:^^om 
fe^M (x>v>iHifeii^, mnmrnmrn) izmcxm^-^n^m^mx&ri, 
^^.(Dmmm'^EGR^mmtmt^-DX\^^^'^mm^$>^rci!b. m%mm.^m^ 
20 ^\z^ r)i^m-^nrcmm^<D^miti^rz\t^mMmmt±mm^mt(Dm\zm':^ 
^^xmmmmmm^m(D^mmmm'PBmEGRMMm^miEv. ^MMiEtfc 
BnmmmRUBmEGRi^mm^zmcxMmm^m^-r^o 

m\zmi^rcmiEfm\zx^. mmmm^\i^^m(D^mmm<Dmm^Mi!b. mmm 

^Tc. '^mm^mmm\zm^x. mn.mm^^i^-t^^t\,z^K)wm.^(D^ 

mmmmm^ii!i^mz^y)mii^-^rirzwmn^(D^m)tt^rc\t^mmmm 
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5 (Dmrnm^^EGR^mmtmu^x^^^-^mm^h^tcib. m^m&mih^m\z 

\zm%Mmi^^^(r>mmmijSEGR^^mm~mm^n^. 

fip-^. S^M^«Piii¥m(D@^iii5»^EGR#(DS)^EGR#M^(i, ^1^ 

0Pi5*^EGR^^m<i:M?:j:oTVi§^tg'l4;O^^a5^fcJ6, #^^^^^¥^1:: 

20 {3J»Mdlt*l^ii#^©MIISLr)^E G R#0Mll^^iht- ?>o 

A further scope of applicability of the present 
25 invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and specific 
example, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
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various changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus, are not limitative of the 
10 present invention, and wherein: 

m2u. *^0j(omiii»j(c#^x77D— fe>ii- (AFs) ^mnmmm 

15 

m 5 ifmn(DW.A:^mm\z^^A¥s^nn'^mm(Dmm)v-^y^m'r 
20 06«, if^m(D^^m:mm\z%:^A¥swmm'^mm(Dmm)v-^y^5^-r 

yu-^^-VQh^o 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

RT. ifmmmmm^m\^mm\zmr3^mm^o 
m 1 ^mwr^t. if%mz%:bnmmmo)immm:m(Dmimjmi)^f^^ 
nxioV). OT. mm\zm^^:¥%m\z%^nmmm(onm^^mm.(om^^m 
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jLyi;yi(DmM^io\z\mm^(Dm.%m^ mmmmm^^wo 12 
ifimMf^nx^r^. mMMt^i^i2^y)h±Mm\z\t. miimns^n i^iso'^ 
10 mmmxmQ?^ ^^m-rsxr^a— fe>-!t (afs, grm^MMm^^) 14 

mm^nx^^^o p^m^D#i 2 W!i^tfA^7^^n;i/7>e>fcco, xt7 

f^^. x.ryu-^y^iAnmWc^x.yyu-'^y-^mx-h'DXh^w 

mmM^2Q\z\t. »agM2 4?^^^^g$nTt.^^o m5asgm2 4 

15 tt, ^SJAi^T-V-ifJl" A^x^^^^ik-hy'^jl/iS' (DPF) 24b(D±»ftlcm 

iiM^^iCDPFfi, ^{b«*iK2 4 alC:feViT^{b^J (NO2) ^4^L, M 
4fi^$nfcM<b^J{Cj;oTT?ICDD P F 2 4 b IzmmhtcnT-^ ^:rV-V'^^ 

- (PM) $fi^;^fX^^^lt^6^ii<.^iam(DTT^ic6^t::i?{bl^*bTDPF2 4b 

*;^c, ^^^ma?§2 0(D^MSgM2 4ckDfe±r«M{'l*. S^^'f^maS 
^Mffl-r § :i i J; 0 S^^,^O^^j§^J^ A ^^iHr ^ A -k >it (O >it^. 

•t^^o\ZLfzf)^^m\t^W\^'r^^o\Z\^Xh^<. A-fe>i^-2 6tCf^;tTS 
25 m-fe>t^ (LAFS^) ^fflVi'5J;^l3bTfeckVio 

e>nTVi^o #m^t5^2 2«, ±fH®:^^D#l 2^:|Wia(::'N;^t^A*i5^7^-r 

A;i/7'7&^e>?'j:D> 2tmz^\^^tmix^m-^^^ri^z.t\z^y). 
mmMm. w%w%mM^mm\^xm-»x(DmnM^2 op^x(D^^^fm\^. 
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5 mm^m^m^ 1 0 (ommm^ 1 2 ct o hym^^^^zmm-^nx^^^^o ^vx. 

m^Zl>hD-;l/JL-^y h (ECU) 4 0(DXtim\ZJ,t. ±mi^TzXTyo- 

10 ^0acc ^^mT^7^-fe;i/r?i^-tr>iJ- (APS) 4 ^>^^^^m-r^ 
Ecu4 0(Dm:^#jic«, ±fE^i^itM/x;i/4, ^^^0^12, m 

m^D^2 2, EGR^3 2(Dflll, ^«l^t>ci5i&.#.j:T^^-r§i^l^^>7°5 0 

15 mo^^m'T^u 7.m^mm-^nx\^^^o 

2CDP§^;&t|^li1$nTX>>'>l<Djlfe$iJ^5{>tfft)n, 

20 ?^i:^t°mMs^g2 4(7)m$ij^, misxm\:um<Drzib(Dmm^K)^i 2Rzf^ 
mm.^K}^2 2<D^mpm mm.mmmm^m) . egr^s 2 ommmm (e 

25 ^r. mimmm^mm-r^o 

m 2 ^mmr^ t. ^^mmo)^ 1 nmm\z^^[Hmmm(D^mmii!imm\z^n 
:5X77P— fe>it (AFS) ^mm^mm(Dum)V'-^>i!)^yu-^^-hx 



11 



i^mm^22^mz. m^^mmtv^i 2^fcmmm^2 2^m&rm 

5 M (Yes) xmrn^mmm^tn^-^ntzm-^izu. XT-y^^s 1 2\zmtSo 

.i^xBmm^mm (B^mmm. BU^mm) ^m^r^ mi^mmmmm^ 

10 (0f^M) Ai m^^-^n^t^. ^%m^i2-Bi.mmMtr)^2 2(Dmmi}m 
i\:t^tW}±±mzX'Dxw:^^x(Dmmm2\H^(DEGRif)^^u. ^megr» 
izf^^cx^^mm^^^mift^o mz. :iz.x\t. ^^\zBm^^Ki^mm\zm 
\^x^M.mmk^mmm?i\ ^ui^r^^o\zmnmMmQt ^mmr^o m 

g-rn«> ^m.mmm^-^mmmki tt^^^oizbm^^^mm^mmm^ 

I t^i^^^r)^mmt(Dm^^^'r'?y'ff)^nf^mzm'^\,^xwL^'^nx^ 

20 i;T±IB^^bfc:@)^^0#^^^^iiEt-§, a^/^0#P^mS^< STfeE C 
\5A0i)-^ib(Dm^mX-&'DXm^^Xm^\^f:L^. P^^^D^l 2R«m^0 

mMMir^^i 2msm%m^2 2(D^n(Dm^tBmmnmmt(Dmzwim 

25 1 tmn(D^mMmmxt(Dm\zhw\m(D^^^\:'^o mz. ^Mi^iiAi 

B^MAl tA-fe>1j-2 6(::ck«9^m$n§^l^(DSmi©^J^A 

(D\$.L(Dm (mnm 1 a-ai 1 ^^a^, ^^ii(cffi^T^5^fctts^^D# 
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m uuyh)vmm) . m^M^m) \zm\:xm^-^n^^^. ^Mir 
10 M.mMmm^±M(D^o\zj!^ibrz^^mifmmxmsE'r^^o\zir^o mmz 

2msm%m^2 2^mm^'f^'^mMm^mm\^f^^^^'^t¥im\zmsb 
x^mii.m\zmM^n^o 

-yj. ±BXT-yy°sio(D'mmmm (no) xmmmmmm^mmi^x 

20 z.om-^izJit. Emm^mm^^m't^z.tt^K. x.>z^yi(Dm^^)tm\z 

( I safs-»2pfit I =x) o tpso, xrya—ty-^i 4f}ijE'^\zmmLx 

25 v^n^'tB^'jfs^safs im^mw-^i^t-^-r^^trxh^^^. z.zx\tti!,t}m 
^safs tmmmmmmt^^-'MLLx^^^u^^^m'^^z. '^m-m\^x\^^ti.\^^^t^ 

^LT, xx^y >^s 2 4{c43v^T, '^mmxf)m^mxi m^m) (x 
^xi) x$>^f)^^f}^^mm't^o 
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7.T-y':^s2 4(Dmmumm (Yes) T^Xi^&^'HiT^fitxi ^^tm^-^n 
5 mmt\ mmLrcz.t^mmv. XT-^y:/s2 8ici5ViT, x77P— tr>i^-i 

E C U 4 0 ^: U mB^T-So 

10 1 2Rzsm^^^^2 2 ^i^W}-^'^fs.\^^m'^tmm\zmibxiEm\zmM'^nx^^ 

m-r^zt^^x^. x7>'p— fe>+)-i 4 0{Mi4^[^i]±$-e-^iii/^>^'T#^o 

mmizmm-r^m'^izioi^^x. '^mmm^mmzmmi^xmi^::^n.m<D^Ki-m 
15 0\^±^m^^tf)^x^^o 

7.y'y':rS2 4(Dmm^^^f}m (No) T^Xif&tRif^^Xl (^/Nfi) .fcOt) 

mz. m2mmm^mm-r^. . 
20 03^#Rgt-§t. m2mmm\zWi^p^mmm(D^mmmmm\zi^n^j^7y 

iso, urmyo'-^'^'-h\zY^^^mm-r^o ui^. '^m^2mmmxit. ±12 
m 1 mmmtmu^u^iz^^^xmm-r^o 

25 f^immm(D^oti:miE^t^^tf^<^ :;^<7)Xx^yys l 6l;:43ViT> ^(^^ 
©m^D^i 2Rr;#m^D#2 2(7)||^O^m<ha^^D#Pam<i:©rBl(::r^S 
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Xf-yy'S 1 7(Dmm^^^M (Ye s) T^^cD^^jiW A ^: glift A 1 
2 2 JCiitf. 

Xy'yy'S 1 7(7)WJ^m/J>m (No) -e^^cD^Mii^J^Achg^M 

\zMbx^mm^mm^miE-r^j:^\zbrzf)^. mmm2mmmxuBmm 
^mmizMi^xf^mmi^i 2Rmmmi^2 2(Dmm(DmmmiEt^^o 

15 t^oT. ^m^D^i 2Rmmm^2 2(Dm^(Dmm^mmm^mm\z 
^2 2 ^ipm-^'ituum-^tmrnizmibxiEmfsimizm^'^n^o 

20 ^, «^J;^«> xT7D-1r>lJ-l4(Dlf^^^^Sgg2 4(7)^^$iJ^l::^fflt- 

m4^mm'r^ t. ms mmm\z^^^mmm<D^m^mmm\zm^jL7y 

25 D— fe>if (AFs) ^mm&nmmnji-'^y-fy^yu-^^-hx^-^nx 
^Ki. KKrmya-9-^-h\zB^mmir^o t^^. '^mmzmmmx^t. ±12 
^immu m2mmmtm^^U6^\z'D^^xmMr^o 
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^^^iii'^n^m^(D^n.mmm?i t^rn^M t-fy^mv^^^ (a=ai) jo^sjo^ 

5 TsT-yy'S 1 7(DflJSiJ^m;&t^ (Ye s) T^^^^miitJ^A i i^^fil A 1 

0^2 2(D|||^<DliSlCBPbfciiIEfcJ:fe(Di/j:oTVi^ifiMX#, X^>j/7°S 
2 2 \zmtSo 

-13. Ts'T-y-fS 1 7(DWJ^M3&t^ (No) ■^^(D^^iltJ^A .ha^M 
10 Al i::^WcJ:oTl.i^<h*iJ^$nfcJl'&{C«, T.'rvZtS I ^io\^^xm%mMU 
H^^ihb. Xx^y^S 2 O(C*5ViT3ia0irm»itA»Qa ^^(DSSirmaS 
ipfichLTlS^bfc^, X5">yys 2 2 Hiitfo 

O^t?, SMB3||J|«^T«, lll^(^^miii^J^A^a^MAl t.\zm)^^^ 

15 ih-r-Sck^icb. m%mwL^mm'^^^tu<. j.yi^y\(Dmw^w,zm\:'tc 
no^o\z'r^o 

t^^. z.(Dn. :sLryu-'\Ly^i A(Dncm\\'^^^±t^(Dx\%u<. mm. 
m.mmm^Withx\^^fmz^\^x%:L7yu-±y-^iA(D^wnmmmj^ 
20 \z^m^n^<Dx. mmmw\(Dm^ifiWp\^xh'^o^ou^h^u^\ 

z.n\z^Ki. mmMm(Dmmm'^\^^^-m%\z'r^^tu<m%mmmmn 
\z-sMfm\zm'^-^ri. ^j^d, :L7yu-^Ly-^i4(D^n^mm^<m&it 

^^tt^x^. x.7yu-'\iy^\A<Dmw^^^±.^^^z.ti}^x^^o 

£AT. ^Ammm7bm'mQ^mm\z'D\^xmm-r^o 
^mkm(D^wmmz^^\z'EGRmm^iM^Lx^m\'^^n^m'^^iTi\^x 

05 mw^ch. ifmmw.Ammm\z^^nimm(Dncm^^mm\z^n 
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^x77P— fe>it (AFS) ^mnMmm(DMm)i-'^y^^yn-^^-hx 

M (Yes) xwmmmmm^tm^^nrzm^iz^t. x^yy°s i i\zmtSo 
2 ^mni^m-^^xEGRiS7.^^mmzmxLx\^^^^^^f}^^mw\'t^o mm 

10 m^fjm (Ye s) TEGRWt*iJ^$nfc:^-&{;:«, T.y'y^S 1 2' (CittTo 
Xx^:/7°S12' PJ:^^0#1 2R«m^iO#2 20^#:i:tT(Da 

s^^»9#ia^ iBW^mmm) \z'D\^^x\t. ±miyrz^o\zm^u:Lyz^yi0 

u:^. zLom-^. m'^\tx.ypyi(Dmm^m\zmcx^^mmm^(DBnm 

it-r^ t^mmn < m:»7.(DmmM 2 p^-^<d e g r^&^^d, ^me g r«{c^&i; 
20 x^^7^mm?^\tmitt^rctb. :iz.x\t. $e»{ca^^D#^^{c^&DTSM 

^m.mmm^tmmm?ii tt^^^koizLt^t^^um'^Ki^mm^mm'r^o m 

25 *fc> s^MAi tmfr^tmn.^Kiii^i 2(DmmRzsmmmMmQf t<D 
mmzi5\^^xEGR^7.mxm. m^wimEGR^mmhmit-r^rcib. :icx 
•^ibiz^%j^mm^(DBmm?^\ \zmcx^mEGR^mm^m^-r^o m 

m\Z\t. ^J6X>v>[Hl^igmNe. »4WaQf :S:i;aMAl ig^EGR 

^mmto^m^^^t^y y'^^mmmzm-^^^^xm^-^nxi^ d , b^e g r^ 
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rzBmEGR^mmtu^^o^zmmvTztvxh. ^mm^i 2Rmm^ 
K)^2 2(Dm^<Dmmt^m^KiMMmt<Dm. m^\tEGR^3 2(Dmn(Dm 
mtBnEGR^mmt<Dm\zmmmf)^^\::'^m^f)m^o z.0^o\zmmm^^ 
10 ^C'Sia^MAi tmm(D^m.mmm?i t<Dm\z%mm(Dm^^c^o mz. 

Ki^mm^^BnEGR^mm^mmommtu^^oizmiE-r^o 
M:i^mz\t. ±mmm\z. s^mai t?i±>^2 Qiz^o^ia^n^mmo) 

^^}^mmx(Dmt(Dm (m^m) i a-ai i ^^56. mmmizmm-r^^ri 
15 if^mm^mm^p^mEGR^mm^mjEt^o u^i^. z.<Dm^. m \ a-a 

1 1 \zj^s\:xBmm^mmtBmEGR^mmt.^^wt\^xmEtn\t^\\ 
xx^y/sie' x\t. ±M(o^o\z^^tz.BWMt^^mmsaSBmEGR^ 

20 if^m\z\t:Lyiyyi<DWB,^m (x>>'>lilfeii^Ne> miftMMQf, x>v 

iE^^^o\z-r^o mmz\t. w%mmmm^mm\^tz.m'^(DmnMxmQji' 

25 y:rt^ihm^^^ritz.m%mxmQ^' t^mEGRmMm\zm\:'tzEGR^7. 

»Qegr t(D^ (Qa' -Qegr) ^MH (Qa' -Qegr) (CJtxDfcS^P 

M^irM«^2p<i<hbT^je)So EGR'»7.^^^u^^mmMxmQ 
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5 ^^U^^^tm^^ntzm'^. X^ry-fS 1 KD'mm^f)^^ (No) TEGR:^;x 
10 ^VX. ±tBlRlil. X5^-/:/S 2 X7:7P— fe>+H 4(DtB:^m^S 

afs t±.U(D^o\zi^mz.m%mmmm.t(D^ iimm 1 safs-sMi ^ 

xa:bT#m-r^ (I Safs-^^fi I =X) , ^LX. Xx';/:/S2 4(C*3Vi 
T. SM^X/O^Rlf^MXl (^/h-fii) ^± (X^Xl) TS§;{>^S;^l^^WJb, *IJ 

S'm^^^^* (Yes) x^xtm'^mxx ^js:ttm'&^ntz.m'^\z\t. xt7d 

(c^sv^T, :r.7yu-'ty-^\Atimnx^^z.t.^nm^y':f^0(D]^mz^ 

me^mm-r^t. :^mm(Dm5mmm\zm[Hmmm(D^mmihmm\zi^n 
^xTv'p— fe>ii- (AFS) ^mn^mm(Dmm)i-'^>f}^y\::i-^^-hx 

l^^^^^bfc:e>, ±fEm4||Jg^J(^J;-5^cj:1iiE^'r§:i<hfj:<, 'AOX^y:^ 
SI 6' {C^feV^T, ^(OSS^MS^^D#^mJtt/g^EGR#P8^{C»':5'Vi 
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^bT, Xx^y:/S 1 7JC*5ViT, ±IB|W|#. A-fe>+f-2 6 (C<fc O^^ai^n^ 

mm(D^n.mmm^tBmm^\ tf)^mL\^^ (a = ai) /;>^s>o^$^#ij;gij-r^o n 

mmmm (Yes) -e^l^(D^miitJ^Ata^MAl <h5(>^^^UVii:*J^$n 

-15. T.^v'fs 1 7(D»jigM>^t^ (No) -^^no^nmrnx t^m^ 
15 T, D # 1 2 0^22 om^om^'p e g 3 2 

l^(7)ffim;&^*i^i^0#Pam^@)^EGR#Pam{CgDbfcfe(DtfcJ:0. ^J^D, m 

\zmfi>xiEmtm\zm^-^n^o 
cntCckD, mmmm(Dmm'PEGR:fi7.0mAizmt><^'r. x77P— fe> 

mi^mm-r^t. :^mm(DmQmmmizm\^mmmo)^m^\^mmz^n 
;5x77P— fe>it (AFS) ^mn^mn(Dmwv-^yf)^yu-^^-hX' 

25 Rnmsmmmtm^s^^u^iz-Di^^Trnm-r^o 

f^6mmmX\t. X7"'y:/S12' lC^ViTg^^«9#^E^tC/g^EGR# 

^(Di^^mmBmm^mmRzsBmEGR^mm\zm^\,^xmmmmmm^m 
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m^<D^M.mmm?^t^mm?L\ t^^mv^^^ (a=ai) t^m^^mwi-r^c m 
mumm (Yes) 'x:mm(D^mmmmkt^mmxi tf)mL\^^tm^-^n 

XT-y^Sl 7(Dmmm^tm (No) Tlll^(7)^Mj©*J^Atg;^fil 

ii^ci^, m%mmmmiEm\zm'^x^m^tnmi^xm%mmMmmsE g 

\z^mfm\zWC^'^n. ^fiO, xr^n— b:>ii-i 4(Di^lt$^tSJ;<Mffi•r 
20 mMmm\zu^n^-h(Dxn.u\^^o 

mxu. ALt^'^m^mx\-x. mmMm.^w^^m.ti.xk'^y-^ {o^^iy-^ 

m) 2 6^ii^, '^m^'t>i^2 6\z^K)m^^(D^nMmm^^rzit^m\t^ 

mn^Lx^mm m^m) t}A:m-^^'DrmmzLrzf}^. :ini,zm.^tir. 

mmm2\zmxt^isx(Dmm^mm't^^wt^mx. mmAi^:^mi^tmMm. 
25 t^iti^-r^xotmmzLxhx^K 

sfc, ±mmmmmx\t. wmmmmm^^tvxmn.mni 2Rmm^ 

y)^2 2^mn^^'D\zLrzi!jK 2Azsmm^r)^2 2(D\,^mf)^ 

-'i3rznxmj$.-t^<i:o\zvxh^i\ 
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(US) What is claimed is: 

10 p^mmm(Dmm.^i^zsmm^(D{i>tii< thurnt^-:^\zmifi^n. ummm 

m^^(D^m)t^rz\t^M.mmm7f)mmmmom^m^\zmcrcmm^tts.^ 
^^mmi^^m\zm\:xmBW^mmmm^^(DBmmmm^mm-^ Bi^mm 

15 mBmmmmmm^mz^K>mm'^nrcBmmmm\zjt^cxmmmmmmm 

mmm^mmmmm^^m\t. p^mmm<Dim^mtth\zmBBmmmmm 
^^mz^rimm-^n^mtmmmmmm^m(DBmmmm\zmi:^xMmm^m 

mtmmmmmm^^^t. vA^mzm^-^^nxmrnmAm^mmt^mmm 
^Rmmmzmnibnxwn.mm^w.mmm-r^wM.m^(D{i^u<th\^^r 
^^^^> 

mmm^mmmmm^^mt. [f^mmmoim^mtth^zmt^^mmmmm 

wmBm^^ii!i't^zit\z^K)m^^(D^mit^rcit^^mmm^mm'r^m 
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mtmmmmmm^m\t. mmmmmm^ia^^miz^ ri^i^-^nrcmmmo)^ 

10 5 . ^ 1/- A 1 0®:l^^tbggTS -D T, 

15 m^mz^^ntmmMAmm^m(Dmm^w±v. iHmmmomm^mjzo)^ 

20 fHmmmo^mns^^m^zfBi^xmm.mxmommm^m^'r^mmmmmmm^ 

m\z^^mM-^nrzmmmt(Ditim^izm':^^mtmm.mmMm^m<Dm'M<D 

25 p^mmm(Dm^^Rmm?^m^rnf)^-'yo\zmn^n. ummm^mm-r^ 

m^^(D^m]t^rc\t^n.mmmf)mmmm(Dmi^^m\zmcrcmmmtti:^ 
^^mmm^mizjts\::^xmtmm.mmmm^^(DBmmmm^mM-r^Bmmm 
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5 mEGRmmz^m-^n. mm(Dm^iz^KiEGR-»7.m^mmt^EGR^ 

TMiBE G R#0 e^E GR^mm^mm-r^^mmmmm^mt. 
m^mmmm^^mz^r)mm-^nrc^mEGR^mm\zmcxmuEGR^ 
10 ^mmt^EGR^mm^mt^mA.. 

mtm^mmmmm^^m\t. i^mmmom^^mtthizmt^Bmmmmm 

M^^\z^^m^-^n^BmEGR^mm\zft^cxmmm^m.^r^o 

8 . (Dmm^iiimmx$> -D X. 

m^mm^^a^-r^^t\z^Kimn.^(D^m\t^rc\t^^mmm^mm-r^m 

25 mmm^mmmmm^^^\t. mBummm^H!,^m\z^^mii!>^tircmm.m 
(D^m\t^rM^n.^mmtmt^m^ut(DmzMr:^^mmB^mmm:sLumm 
^^EGR^mm(D!}>t£< th^^rnti^-ij^miEL. mniEvtzB^^mmmR 

u^mEGRM^mizmi^xmtmmiu^m^'r^o 
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mtmmmmmm^mu. mmm^mmmiHi^mzj: o^tH$nfc#mm(^^ 
mBEGR^mm^mt. mBm^mm^ta^m^z^ mm^ntzmmw^o)^ 

10. ^ 1/- A 6 <D^m^ttil^mX'$> o T, 

(D^mit^rz\t^mmmmtmmmMmtf}mmrr^t^\z\ts mtmmmmm 
m^mz^^mBmm^mmm^^mmRzsmmEGR^mm^miz^mm 
15 EGR^(Dmm^w±v. [Hmmm(Dm^mm\z(D?)^j:t^cxmmmm^^r^o 

1 1. nmmm(Dmm^p^izmA^n^mmmAm^mii^-rmM.mm^{ii^ 

^mmr^mm^mmm^^t^m^rziHmmmo^^mmaimmizion^^mm 
20 wm.^(D^mit^rz\t^n.mmm-^^\Hmmm<Dm^^m\zmcrzm^mttji^ 

mBmmmmm^A^yyizi^^^xmm-^nrz^mmmmizjt^i^xmtmmm 

25 p^mmm(Dm^^mtthizmmBmmmmt^^xf-yyiz:iii^xm^-^n^ 
mmmm.mmm^m(Dummmm\zjt^\^xmn.mAm(Dmmm^m^'r^mm 

^yy°iz^^^xmM-^nrzMmmt(Diti^^^i,zm':^^mmmn.mmmti^^m(D 
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12. ^ U-A 1 1 <Di^|S|^m:^^T^ o T, 

13. ^ A 1 1 <Di^|^m:^^T^ o T, 

15 

14. ^l/-Ai l©m^m;^r*Ta5oT, 

^m^mmmmmmm^mmr^ ::t\z^Kimn.^(D^mit^rzi,t^^Mm 

15. ^ 1 1 0®:Pf^m;^?iTSoT, 

25 MBiTM*S2pMi^^xT-^yyT«. mtmn.mmmti!i^^iz^^^m^nrz 
mn.^<D^m]t^rzi,t^n.mmmtmmpf\^mt^mm'r^t^\z\t. mmum 
mmmmxT-y 'fiz:Bn^mmmmmmm^m(Dmm^w±L. 
i^mm\z(D^mcxmmm^m^'r^o 

1 6. p^mmm(Dmm^[Hizmx-^n^mnmxm^miii-r^mM.mmmm^ 
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X t LxmBPAn.mzmm-^^^ e g RiiiJSi, ME G Rmmz^m-^tixmm 
^^Mfick D E G R :^xm^mmt^ e g r# <i: ^m^rci^mmm(D^mmihmm 

ck -5 mm^^m\z)t^cxmtmmmmmm^^(DBmmmm^m^'r^ Bmmm 

m^nm^mm^T.^y'f^z^^^x^^-^nrzBmmmmizfiBcxmt&mmm 
10 mmm^m^mm-r^mm.mmm'mT.y'y 7^<t, 

xmBEGR^<D^mEGR^mm^m.^t^Bmmmm^^mt.. 
m^mmmmMXT-y:^\z^\^^xm^-^nrcEmEGRi^mm\zm\:xmmE 

g r ^ ^Mtai e g r #$ijfpx X >y y i > 

$n§ i^E GR#l^^(c^Si;Tir^giEAM0S2pfl^iS^f SirmMS^M^ 

20 ^y':f\z^\^^xn^-^nrzmmmto]ti^^^\zm':^^mBmm.mmmti!i^^(D 
1 7. 6(D^mmtii:^mx$>'DX. 



28 

1 8. ^u-Ai 6(Dmm^my]WiX^$>'DX. 

2 0. ^l^-Al 6(D^m^m-^f^x$>^x. 
mM^ti\mm\mmmm^mm-r^:it\z^r)mm^(D^m)t^rzu^n.}^m 

mmmm7.^y^\zid\f^mBwm.mmmm^m(DmmRnmBEGR^mmx 
T-y':^\zi5n^mBEGR^(Dmm^w±L. iHmmm<DMi^^m\z(D^m\:'X 
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